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AUTOMATION AND MANKIND
- USSR -

[Following 1s & translation of an article by
V.4, Trapeznikov in Ekonomicheskaya Gazeta, 29
Juie 1960, page 1.]

On June 27, the first Congress of the
International Federation on Automnatic Control
beran its work in Moscow, in which evout 1500
sclentific and technical workers, from thirty
countries of the worlid, took part.

Tne pgrticipants of the Congreass listen-
ed with lnterest to the repoft 8T the SHviet
scientist -~ Academician V.A, Trapeznikov, on
the subject "Autometion and rankind.®

The report 1s published below:

Our consgress is dedicated to questions of automra-
tic control, questions of automation. What then 1s the
general aim of automation? What can automation give man-
gind? To answer these guestions, we will attempt to fi-
gure out the possible results of automation and ascertain
what influence thev will have on man in the future.

The firet and main result of antomation is the
tremendour increase in labor efficiency. Of course, the
increase iv labor productivity and the growth of production
5T consumer goods will be the result of sclentific and tech- X
nical prircas, snd not condlitioned soslely on automation ﬁ

a
a

alone, A :rest role wlll be played here by the mastering
of theracnuclear energy, the synthesis of artificlial or-
ganie matter, right up to nutritive products, and the a-
chievenents of a great many sther branches of science and
techrioclosy. Today however, all branches of sclence are
closer connected than ever before and thelr development
18 unthinkable without the use 5f automation ls achileve-
_mente., It is sufficient to bear in mind, that the accurate —
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“control of cosmic flights, the photographing of the moon 1
and the relaying of its image to the earth, and the very
existance of such powerful means of scientific research

as the syrchrophsasotron, became possible only because

of the achlevements of automation. ’

Nevertheless, automation is still very young. The
blossoming of sutomation is the business of the coming
generations and only by general prognosis are we 1n a
] pgeition to appralse what sutomation will give the peo- L

: D16, . !

Upon automation will depend the tremendous growth
of production; not only because it frees man from the lm-
mediate control of the machine but one individual will be
able to control the work of many automated aggregates,
Even more iomportant is the fact that from now on, the
development of production will not be limited by the cap-
abilities of the human orgaenism in the matier of control
of 1ts processes,.

In our time, the speeds of technologlcal processes
are in many cases limited by conditions of control. The
speed of human reaction is limited and therefore, at pre-
gsent, only processes of a relatively slow course cen be
utilized.

Autonation is fated to reform in a revoiutionary
way, to chance, the technology of the greater part of
production, because it will become possible ito control
technological processes which flow at great speeds and
on vast scalnss. If, up to the present, we have been
cowpelled 15 limit ourselves with the use of stable
technologloal processes, then, with automated conirol,
1t will be possible to also use unstable processes. It
will become pussible to control not only the results,
but also the reactions of kinetles.

The mastering of stomic energy is one of the ex-
amples of an effective system of control making possible
the use of extraordinarily dangerous objJects for the wel-
fare of mankind, The possibility of leading the techno-
logical process to the brink of a catastrophic aitusation,
thanks to absolute faith in the instruments of automa-
tion, will also permit the use of such proceeses which
novw appear as inaccesasible,

The goal of automation will be achleved when all
the 1links of the regular production process are automat-
ed in all branches of industry, transport, and construc-
tion; including assembly, loading, and control, the pack-
aging of products, and their traneportation and movement
along the trade channels to the consumer, i.e., when

complex sutomatization 1a realized on a scale of branched
!
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- out systems with widely placed installations controlled !
by means of talemechanlcs, with s wide use >f computers.
It stands to ressgon thet man will not be excluded from
this procegs, BSuch functions as inspection, repair,
gtudy, and loorovement will alweys require bhiaz rmore-or-
less treguent nreosence. There can he no doubt that the
opportunities of man in the fielid of contrel are ;reat,
and evidently will never be surpassed by machines in

- all waye, The rational use of manfs capabilities in

" trne systems of control and the creation of conditions

in wnizh the activity of man in the field of control of
tecrnical processes will flow acst favroably, 1s the act-
a2l ard voable problem of sclentists working in the field
of euraomatlicn, ohyslolozy, peychology, technoslogy of pro-
ductinn, sig.

fatowatlon not only multiplles the resulte of la-
bor, but radically changes 1tes character. Already a cone
slderanie nmuxber of heavy and dangersus jobs have been
eilmlneted and thils process will continue, In meny cases
tns axhsustine labor of the stoker has been abolished,
the wory ol the steclcaster and blast-furnace operator
hag been ccngiderancly lightened., Loecking forward, 1t can
te foreseer that automation willl comnletely free man
from work under condltlons of hizh temxperatures,pressures,
zad pollut:l or harwful atwmospheres. Automation will cone-
tribute to an's labor becoming more intellectual, to ef-
fseinsg the ~he margin between physical and mental work,
25 that me~'s en~2rgy and strength in the field cof pro-
diction will &ll be to a greater degree used, not in the
sontrol oi techoolazical processes (and therefore not
fur phvaical work), but will be directed to thinking out
gn? rzalizing new technical 1deas.

The inerease in labor productivity and the rise
in prcduction of consumer goods resgulting from automation
will ralse gherply the living standard of the populatlon
and, in the not-too-distant future, permit a considersbly
shortened working day.

Yowaver, the full utilization of the benefits ge-
cured by autonation is posalble only in an intelligently
orzauized human soelety, where people, freed as a re-
gult of automstion, can be effectively used. According
t2 our deet convicticn which, 1t stands to reason, we
39 not force on anrone, such an organization of soclety
1g the soclialist structure,.

A sufficlent amount of consumer goods will permit
a conslderat:le number of people to takeup scientific
research work, protect the health of the population,
exirellish 1ife (i.e., all forume of art), as well as the
--building of parks and gardens, public bulldings, atreets, !
ete,
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- The increase in lelsure and in material means and 1
posslbllities will permit man, for the first time in
history, to pay attentlion to himself, which ne rightfully
deg=rves, There will come a time of basic sclentific care
of thz human orsganism snd the systematization of nutrition
and the daily routine, and sport and preventive treatment
will take un a significant place. Conaiderably greater
attention will be paid to the medical and bilological
sciences than 1s the case today. Let us hope that the
‘success of uhiese sclences will lead to the point where ?
nraventive t.satment will become the baslc occcupation
of doctors .rd each sickness will be viewed as an extra-
sriinary oczurrence, Automatons and semi-automatons for
observatio: and registration of the conditions of the
human organis:c, and for diagnoslis and therapy, will con-
stitute an important contribution to medicine.

Automation creations immense possibllities for the
developiment of sclence. Let us remenber, for lnstance
the great problems of the breakthrough into the cosmos.
The realizaticn of mterplanatory flights which, to a great
extent, is due to the successes of automation, will evi-
dently occur in our generation. The breakthrough into
the cosmoz will suarantee a speedy progress of our know-
ledge and the solution of many fundazental questlons which
ruan like a red line across the entire hiatory of sclence.
Problems of the origin of life, the existance of 1life '
cutside the earth, the destiny of the esarth as a planet --
these and many other queations which have always disturbed
mankind, become close to being asolved, thanks to the break-
through into the cosmos, which also means thanks to auto-
mation.

l2t us remember the problems of blology, and the
ad jJustment 2nd control in live organisms, which are direct-
ly linked to the problem of the srigin of 1ife. Undoubt-
edly, these questions will be speedily solved, also thanks
to the use cf methods of automatison., In turn, the systeus
of automatic eontrol of technical processes will be enriche-
ed through the study of live organisas,

With the development of automation, the forus and
methods of scientific research in many fields of sclence
and technol>:y will change to a certain extent. Our tlme
18 charactrrized by the speedy development of the process
of knowledze, There literally ococurs a chain reaction 1n
the growth of knowledge. The more we learn, the wlder
the horigzons which open before us, and the greater the
possibilities of acquiring new knowledge for the realiza-
tion of new studlies and discoveries. But in connectlon
, with this, new difficulties arise. On the one hand there
— gre difficulties in storing great reserves of informatlon
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-and their transmission in concise,‘ébndensed form. On
the other hand, the very process sf obtalninz new informa-
tinn and thue production of new research becomes, with the
cxmplicat’ ~n of the sclence, more and more labsrious. Be
1t a questiosrn of thousands of experiments on variants of
crexnlcal rcactions for the piurpise of discoverinz new
propertices of chemlcal compounds, or be it the intention
of studyinz ilve tlssues, systems of coniltioned reflexes,
the laws of economics, or other comnlicated questions, i

& zreat deal of work of a highly qualified nature is re- |

quirad to lesarn the facts. 1In the future this work will

be sumstantlially supplemented and partlally revlaced by

aitomation, Automatlic systems, in which only a minimun

of a »risril inforamation 1s supplied by the »rosramier,

will rroduce information in new fields of knowledse. The

researcher 18 alregdy equipped with diversified measuring,
registerin:, and calculating apparatus. A real research

“i{ndustey” will develop even more on the basis of speclal-
Yze2tiou, providing that coosperation, eguipment, machines,

and apnaratus are available, :

Altomatons which help the researcher can be self-
teachin. They can learn sutomations of s simple type,

for the performance of simple tasks. However, in princil-

ple it is not impossible to work ocut to some deszres

¥ereative® mracticas, i.e., automatic improvement sf re-
cearch rethnds in complicated cases. At present, there

12 no limit to the development of such systewms., It 1s
net impossiTle to creete an automaton which, on the basis

>f empirica’ data, by tryinz varlous hypothesis, could
cvrsate comrLicated theories and explaln experimental data
in any fleld, Heunwhile, today, such work is called crea-
tive.

It stands to reason that, actually, the creative
ability balonss not to the automaton but to the man who
built this automaton., One cannot think of the autoaaton
apart from the humnan collective which created 1t., Any
maching, including an automatic one, 1s but the tool of
the craatlive getivity of man, But it can facilitate this
worik snd enlarze and ralse 1t to a level unimazinable at
present,

The creatlion of electronic computers has shown how
far one c¢an go toward freeiny man from operatlions requir-
1ag foramal-logical thinking. However, it was a surprise
even ta the speclalists as to hiw far the formal-loglecal
thinzing wvas cleared up and how complicated and deep the
processes which, previously, only the human brain could
eccomplish and which now yleld to automation, thanks to
the use of computers,

Lo
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r The realization of mechanlcal translation from one |
language to another and the development of programs for
solving problems would appear to be natural only for the
brain -~ for example, the solving of chess problems -- but,
they “uve convinced many that formal-losical thought (i.e.,
that which lends itself to programming the spheres of the
thought process), is much wider and more important that
was pr &iously belleved. Where are the limits of these
.poscibllities? How wide 1s the field of intellectual

~* problems in which man can be replaced by the automaton?

Are they limited by processes which are alogorithmized,

or 3o they extend considerably farther? We look upon
things of this kind wilth optimism, hoping that the possi-

bllity of lightening the menftal activity of man 1s bound-

lesa, with the help of automation, and that the role of
automation 1 this direction 1s most precious: freeing
more and moxe the human brain froa rough work, automation
will permit the use of the inexhaustible resources of the
human brain Tor feelinge and creatlon.

The »bject of automation 1s a noble one; 1t 1is
tangible and attainable. But to attain it; it is necessary
to overcome a nuumber of difflicult problems. We willl con-
gider some of thenm,

In spite of remarkable successes in separate spheres
of automatic-control theory, the general position on the
theoretical front is not brilliant. PFirst, this position
is characterized as kaleidoscopic, with many separate the-
oriea, and lacking a single theory binding in structure.
The general basic ideas, methods, concepte, and laws are
in the process of creation, Second, a number of most lm-
portant theoretical questions are not even worked out.

The probleass of theory are partiecularly apparent, when at-
tempting to examine the complicated systems having an

abundance of elements, and the connections between them.

Here, not even a proper arrangemeént of problems has been

worked out. Hevertheless, in the future, such systems

wlll prove to be very real, since 1t is they who model
some comwplicated functions of the activity of man.

At the pame time, it should be emphasized that the .
theory of sutomatic control gradually changes its character,
becomes in ever greater measure, the leading link in the
solution of problems of automation., If before, the theory
appesred baslcally helpful in the caloculation of existing
systems, now, and particularly in the future, the theoreti-
cal problemz grow radically. Theory forms the aclentific
outlook of the engineer, guiding him in the search for es-
centially na2vw types of systema. In an ever lncreasing
degree, theo~y is beginning to serve as a "deep search,"
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‘to clarify what the machines can and cannot do and how !
thelr possivilitiea can be increased.

Let ua éwell on several wost imrmortant scientific
and techn'cal nroblems characteristics of the modern stace
in the develuoment of automation:

1. Of great ilmportance is the development of methods
for the optimun control and synthesisa of the structures
controlling the devices which are close to the optimums.

The phage of these problems 1s extremely wide. In-|-
deed, tue objects which are being controlled nayv be linear
or non=-linear, with concentrated or distrivuted parameters,
continuous or digcrete. The criteria of the ontimum may
have entirely different characteristics on different occas-
slona, The eystems may be ovtioum by the sveed of the
transitional processes, accuracy in the programmed procees,
gveraze production, etec.; and by the use of energy, raw
materiels, etc.

There exlsts at the present tire general alternating
princliples, amrong which are the principle of the maximum
and dynamic programming, which may forr the baslis for the
solutlion of extraordinarily complicated problems. However,
rot all these orinciples have been generalized for a number
of important cases., Moreover, their application to con-
crets problems gsenerally require solutions of addltional,
zomplicated theoretlical problems. The quite essential task
of constructing simple systems which are close to optimuwms,
ta stlll rnsufflclently worked out. Therefore, in this
fleld, ther2 1s still a great deal to be done.

L.

2. Aa lmportaent problen is the working out of the
wrincipnles 5f constructing self-adjusting and self-instruct-
ing systams.

The inclusion of highly developed arrangements of
a logistic action and memory into the arsenal of automation
means opened possibilities for the solution of a wide range
of new problems of control., These are problems connected
in a positive way with the establishment and support of
the mpost advantageous esystem of work of the various objects
of control, problems of the gradual development in the con-
trolling devices of the desired reactions in complicated,
changinz: situations, etec.

Along thils course definite results have already
been attained. Interference killing e:xtreme regulators and
pultichannel optimizers have been oreated in the USSR for
work under industrial and laboratory conditliona. Sub-
stantial results have been obtained in the fleld of con-
struction of self-iustruction sutomatons. However, thie

t
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is 2nly the beginnina 5f an important direction. B
The devielopment 5f the principles of constructing

automatic syszlems which sslve such problera, thelr theory

and calculat.sn, are the actual problems of Lhe theory

¢ auiomatic c¢ontrol,

2. Of =ssentlal importance 1s the develonment of
the nrinciplies of constructing automatons to design tech-
nicsl devices., Working out the structure of machines
with a larse number of elements often becomes too JAiffi.
cult for zar or, in any case, does not guarantee attaine
zent of the zoet rational solution, It 1s therefore also
ageential to use machines foar deslicning,

Tn thie fleld, theory 1s still very little develop~
€d and even the rrinelplee of construetinsg such a2utomatons
ars in wany wave not clear. It is possgible thet here,
great heln will be rendered by contact withi physiolocists
anc rs"~hﬂlo‘istq and by the caloulation of the methods

of awlw’“: such nroblers by man. These methods are char-
actnrtzei b“ low accuracy and speed, but on the osther hang,
ir cooparison with modern automatons, by astonishing flex-

1u111ty ap their adaptablility to most diverse problens,
and bty "-nuaition,“ "vhantasy," and theilr ability toward
analizsles and seneralizations. Preciesely in thie fleld
the theor s of sutomatic control fits in more closely with
cybarnatias, the technical branch of which, so to spesak,
1t 1z, Toeory in the new and most iInterestin: fleld of
exmelicated autonatons will evidently oresent 1taelf se &
unique fusinn of the theoretical-logiatic, statistical
snd, merhaps, variational mwethsds., It 1s not excluded
thqf nere will enerve completely new ways of spproach
tz the e<stabl ishment and solution of problems. It 1s es-
zential to push in everv way the advancement in this di-
eslon,

Such r=zearch lg beinz econducted in the USSR, A
cormlex anparitus Iy automatle syntheasis »f optlmum systems
5t rontrol ‘g been develored, o machline to analyse relay
arrangerents nas been created, and & tachine for the sy
thesig of stractures »f relay arranzements, which, under
ziven z2oadltlonsg glves lmmedlately the structure of a re-
ley arran-~exernt in a graphic imaze on a li:-ht backzround
has heen constructed far the first time. The construction
snshine %o winimlze RBoolion functions is beinz finished.,

Frwevae, th-as fagke nust ve taken ag the Tlirst
ster trwarde tne 3nlutlan of the autosmation aroblen of the
rrocess of control-systern synthesization,

atarally, the above enumerated courses are not
the snlv imoortant ones, There 1s a nuaber of osther
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‘actual probleas: problems of stability, quality of control)
and search, theosry of combined svstems, etc. The latter,
as well as the above enumerated prohlems, are linked to-
gether and will increase atill more in the future. The
connectlon oif automatic-control theory with other aclences
grows with the complication of the problems. We have al-
ready wentioned the connection with physiology and psycho-
logy. fConnectlons with mathematics, especisally with the-
_:oretlcal-logistic variants and statistical methods, should
-be noted, :
Zvidently, other new mathematical discipnlines, such
as functiosnal analysis, could also find effecilve applica-
tlon in the theory of automatic coutrsl. :

The development of technique and theory leads to
the formulation 2f a single theoretical basls for the
complex of technical disciplines relating to communlcation
and contrsl: automatics and telemechanics, radioelectronics,
vith all its branches, computation techniques, etc.

The +heory which, it 1s true, is now only in 1its
formative aiagze, 18 called the "theory of communication
apd control® or the "theory of contrsl™ or.%"technical

mernetics.™ But the point 1s not in the name, but in
tne crystal’izatlon of new ideas, principles and methods,
The develonueut of this single theory 1s extremely iumport-
ani for thc matter of automation. ,

The development of the theory and technigue of au-
tomatic control is impossible without progress in the ep-
paratus of automatic contrsl, The appearance of new types
of apperstus and new physical principles of its construc-
tion, has alwvays been a push towards quallitative changes,
towards a new rise in automation, and it always stimulated
the development of the theory of automatic control. It
1s sufficlent to point out the deep influence produced on
the development of automation by the appearance of electron
computers of the continuous and discrete type.

In the field of construction »f automatic-control
apparatus, there are substantial achievements; howevar,
here, too, there are still "gaps" -- problems awaiting
thelr solution,

The most important probleam in the development of
control apparatus 1s increasing its dependability. 1In
fact, ths increase in the number of problems depending
on control apparatus and the compliocation of these pro-
blems, leads luevitably to the increase in the number of
elements of the apparatus and therefore t5 the possibilia
ty of inoreased disruption in the work of the system. 1If
we figure on uninterrupted intensification sf the processes
and on increasing their scale, and, consequently, the re-

- sults of possible breakdowns, it wlll become clear that

femd
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“the problem of dependabllity 1s the key and, 11 essencs,
raisea the question of "to be or nat to HYe" of automation.
The sslution »f this provlem is prsceeding alonsy the line
of develonment of more dependable ~lements and the 7veans
of ¢omnectin~ them, as well as in the search for methads
o1 consiricting dependable avstems frox unreliadle ele-
menta,

Tne osther laportant problem la the constructlon of
control systews in the foram of complexes, which unify .
rstandardized blooks peralttinz various cowbinationa adapt<i
able 1o reguiraments of sne or ansther automnated installa-
tisn. This gim»niifies the plananing and operation of the
c2utro: system and lowers the general cost of sutomatinn,

“inaily, the third laportant taskz is the develop=-
rent ol minlaturized apparatus and the develspment of
oiori=clemsntes, which 1s also connected with increasing
the JunLer of elements of control systems and with the
dezeud for increased reliability.

Thece tendencies are illustrated by the develop-
ment of electronlce computing devices of discrete action.
The stage I creating cumbersome mathematical machines
with thouscvnds of electonlc tubes is belng repnlaced be-
I'>re our ev.g by a new atage -- the appearance of machines
2111t of ac¢rii-conductor and magnetic elements. But even
tiis stage 18 not the last one, %ven now, slions of a new
stage are 2suersins, It 1s possible that the new type ma-
chines wlll ve based on new physical onrinciples. The
elements of such wachines are magnetic tapes, cryogenic
gpparatug and others. S3Some of them can accomplish opera-
tisnz on the order of nann-seconds (10-2) and are ex-
ceedinsly amall in size. Evidently the poessibility of
obtainin: man: thousands of wmemory elemnents in one cublc
centimeter 1s gufficiently realistic, The new elements
will poasess high dependability, which, in a way, is con-
nected with the new technology of thelr nroduction and
constuctive applicatisn of uniting a multitude of ele~
mente 1ni> blocks, particularly by way of dusting tapes
in vacuua, using the printed circult technique for intra-
blocklng aad interblocking contacts. In this direction,
muach ras been accompllished by scientists of the Vestern
covntrlies,

Sometimes the well known elements of automation
nay aprsar ln a completely new quallty. For lnstance
514" rieumatic devices suddenly permit new solutions to
be rou ht about in the control devices, whlch are based
on raclprocitry of alr jJets, as shown by work done 1in the
USSk. With thelr help it 1s possible to create various

control syetems, including fairly quick-acting and highly

el
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‘dependaule d1-1tzl computers for the control of proceases:7
This trend wiil evidently revolutionize the construction
of many aysteus of automation.

Ther: 1s one wmore 1importaat problem which determines
the success of automatiorn, but far beyond the framework
of questions of automatic control, which is what we are
discussin; at this congress, It 1s the problem of develop=-
ing a technolo:ical process, the basic technological equlp-
‘ment, and the system of automatic control as a single,

"combinsd complex. Only such an approach affcrds the Js- |-
gibillitv of using all the advantages of automation. We
in the 3sviet 'mion, have chosen preclsely thie course,

Iii conclusion, I should llke to touch briefly on
the nuestion of planning the develorament of science. The
prablem of cdetermination of the optinum strategy of planning
gcientific research and the development of the technigue
does not have, and cannot have, a strict determination.
Nevertheless, a certaln amount of experience, accumulated
in tales field, makes it posseslble to correctly determine
the basic cuestion -- the cuestlon of correlation of cur-
rent studles, subordinated to the interests of the present
doy, and the planned research which is aimed at the solution
of the gcreatest probleme of the future. It 1s quite clear
that the roie of planned studies must In the course of time
incresze, and thelr scale must be enlarged. This 1s the
esgential cordition for genuine scientific and technical
progress. But the larger the scale and role of planned
studles, th¢ harder 1t is to organize them. How do we
livit the cac-a in which study in a new fleld, branching
off at & tar ant from the basic course, enters into an
unplamed 1rmass? In what way cen we reduce the waste of
energy and tiwe connected with the tests and research in
nuperovs, =till uninvestigated directions? Not touching
on other counsiderations in thils respect, it can be ascer-
tained thsi{ here, much depends on contacts and exchange
of information among the scientiasts and speciulistsof
different couniries and professions. The greater the de-
gree of cooperation, the quicker the unplanned directlions
are eliminated, the clearsr will appear the maln lines
of development, and the more certain the advance along
these lines. I am calling the sclentists and specialiets
towards this cooveration on the important day of the open-
ing of the Pirst Congress IFAK for Automatlic Control,

Great are the perspectives of human progress, part
of which 1s the progress of autcmation. Only the monstrous
and senseless catastrophe of war can hinder the avalanche-
like and the all-accelerating progress of mankind. We are
certain that this catastrophe will not come about, that

oA
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"the nations will not permit it. Peace is the essential |
condition for the prosperity of mankind, for the develop-
ment of the sclences, 1ncluding automation.

10,0C7 - END -
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